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F ORE WORD 

At the time this thesis we.s prepared (193) the 

status of the various members of the vitamin B complex 

was not establiehed. Thiamin had been isolated and 

ident±fied, and several other entities were known to 

exist, but had not been obtained in pure form. Conse- 

quently, all experiments had to be performed with rela- 

tively crude concentretes, which might contain more than 

one active factor. Controlled animal feeding experiments 

were difficult to carry out, as it was almost impossible 

to prepare a diet that was adequate in all factors but 

the one under investigation. 

Sherman had used the term ttvitamin G" to identify 

a "growth promoting" factor which he was studying, and 

this name was used by various workers for any B complex 

factor which seemed to promote growth. 

Riboflavin was isolated in the latter part of i935, 

and shortly thereafter was recognized to be identical 

with the growth promoting factor present in dried milk. 

Elvehjem and his group suggested that the name Vitamin G 

should be reserved for their "filtrate factor" to differen- 

tiate it from riboflavin, but Vitamin G soon became a 

synonym for riboflavin. 



In 1939 pantothenic acid was recognized to be identi- 

cal with the "filtrate factor" of Elvehjern and the "chick 

antidermatitis factor"; and after its preparation in pure 

form its position in the vitamin B complex was established. 
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TEE RELATIONSHIP BET11EEN PANTOTHENIC ACID AID VITAMIN G 

Investigations of the growth determinant for 

Gebr(Jde and Mayer yeast by Williams and his coworkersl6 

brought out several similarities between this nutrilite, 

which they named "pantothenic acid", and vitamin G. The 

work described here was undertaken to obtain further 

evidence as to the identity or non-identity of these 

two growth factors. 

Properties of Vitamin G 

Studies on vitamin G have resulted in discovering 

the following facts, on which there is general agreement. 

1_. Vitamin G is relatively stable to moist heat 

(119°) and its destruction by autoclaving depends on the 

pH of the medium in which it is heated. In an alkaline 

medium (pH 9 or higher), inactivation is almost complete 

after autoclaving for four hours. Little of the vitamin 

is destroyed by autoclaving in a neutral or slightly acid 

medium. These results were obtained by Guha7, Chick 

and Roscoe, and Williams, Waterman and Gurin17. Haul- 

day8, however, found that vitamin G was O per cent 

destroyed by autoclaving in an acid medium (pR 5-.5), 

and 50 per cent inactivated in a neutral medium. 

Narayanan and Drummond1° found no destruction of vitamin G 



on autoclaving an alkaline solution of marmite, a crude 

yeast preparation. This result was checked by Guha7 and 

is explained by him as due to the presence of a protect±ve 

colloid in the commercial extract. The vitamin in an 

extract of fresh yeast was found to be destroyed by 

similar treatment. 

2. The vitamin is only sparingly dissolved (extracted) 

by absolute alcohcl or 95 per cent alcohol, but is 

extracted readily by 50-60 per cent alcohol and more 

readily by water1031. 

3. While vitamin G is soluble in aqueous alcohol 

it is destroyed on standing in an acidified alcoholic 

solution. Chick and Copping2 found complete inactivation 

of the vitamin on standing in a 70 per cent alcohol 

solution at a pH of 1.5. Sherman and Sandelsu)t also 

observed a loss of activity in 60-80 per cent alcoholic 

extracts of yeast, as did Chick and Roscoe. 

k. Vitamin G is strikingly essential for growth. 

With an adeQuate supply of all other known factors, it 

is the first limiting factor in growth and the vitamin 

content of foods is determined by the growth rates of 

tested animals. Sherman and Bourquin12 found that In- 

creasing the amount of vitamin G in the diet eIght times 

the maintainance level, still resulted in an increase in 
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the growth rate. W±thin the range of this experiment 

no upper limit was reached or even approximated. 

5. All natural foods that have been tested, so far 

as we know, contain some vItamin G. Liver, yeast, meat 

and egg yolk ere among the richest foods. Sherman's11 

compilation shows that green leaf vegetables are richer ifl 

the vitamin that fruits or root vegetables. 

6. Absorption of vitamin G on various absorbents 

has been studied. Nerayanan and Drummond1° found that 

Fuller's earth absorbed the activity from a solution of 

yeast extract contained in a decomposed lead acetate 

precipitate. These workers found that absorption of the 

vitamin was Increased as the acIdity of the solution was 

increased, with practically complete removal of the 

vitamin at a pH of 0.1. Using Lloyds reagent as absorbent, 

sherman and Halliday13 found that one-third of the vitamin 

G of protein-free milk was absorbed at a pli of either 3 

or tI Guha7 found that norite charcoal removed the 

activity from liver concentrate at a pli of Both 

Naraysnan and Dr,.unmond, and Guha, found that the absorbed 

vitamin could not be removed from the absorbent. 

In addition to the acknowledged facts listed above, 

a number of other studies heve been made with conflictIng 

or unconfirmed results. 
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7. Chick and Roscoe3 found that practically all 

of the activtty vas removed from an aqueous extract of 

yeast by treatment with neutral or basic lead acetate 

at a pH of 7.5-8. The same result was obtained by 

10 
Narayanan ana Drummond with yeast extract. However, 

Guha7 working with liver concentrate was unable to remove 

all of the activity with lead acetate, at a pH of k. or 

7.5. Also Chick, Roscoe, and Copping5, were unable to 

precipitate any of the activity from an extract of egg 

white with lead acetate. 

8. The effect of dry heat on vitamin G was studied 

by Elvehjem and his co-workers6, who found that heating a 

chick ration for six days in an oven at 1000 destroyed the 

vitamin completely. 

9. Birch and Guha1, in studying the electrolysis 

of vitamin B, observed that vitamin G did not move to the 

cathode when the solution was electrolysed for 12 hours 

at a pH of 7.5. Also they reported that further electro- 

lyss et a pH of k resulted in no movement of vitamin G. 

Comparison of Properties of Pantothenic Acid 
- WithThe 6TVItamThG -- 

The behavior of pantothenic acid to some of these 

treatments, as determined by previous workl6, has bi'ought 

out the following relationships. 



Sim1ar1r to vlt8min G, pantothenic acid is destroyed 

by autoclaving In an alkaline tiediuin, but is much more 

stable In a neutral or acid medium. Pantothenic acid 

like vitm1n G is difficult to extract with 95 per cent 

alcohol, but is readily extracted with 70 per cent alhol, 

and very readily extracted with water; it is alsc destroyed 

by standing in acidic alcoholic oluiori. This destruction 

by acidic alcohol, in the cese of pantothenic acid at 

least, s partly but not wholly due to esterification. 

Absorption of pantothenic acid by Fuller's earth has been 

found to be increased by increasing the acidity of the 

solution, corresponding to the increased absorption of 

vitamin G under similar conditions. In its influence 

upon the growth of yeast, pantothenic acid showed the 

same striking effect that vItamin G did on animals, as no 

upper limit of growth was reached, though the amount of 

acid added was increased to 200 times that necessary to 

show appreciable effects. 

The interpretetlon placed by Birch and Guhal on 

their electrolytic experiments on vitamin G is opposed 

to the idea that pantothenic acid end the vitamin are 

identical. However, in the experiments themselves there 

is nothing hut agreement. Pantothenic acid does not move 

toward the cathode tn a solution of pH 7.5, because i i 
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not a basic substance. Neither does it move appreciably 

toward the anode ±n a solution of pH 4. This, however, 

is not due to an absence of acid properties, but to the 

weakness of its acid properties and the repression of its 

ionization. This point has been investigated fully1°'9. 

In the work here reported the following points were 

investigated to determine further how closely the behavior 

of pEntothenic acid corresponds to that of vitamin G: 

(i) The action of dry heat. (2) The distribution in foods. 

(3) The effect of treatment with lead acetate. (k) Absorp- 

tion on Lloyds reagent (Fuller's earth). 

Experimental 

In all of the experiments described the amount of 

pantothenic acid was determined by the yeast growth 

method previously developed in this laboratory1516. In 

the tables yeast crops are given in mg of moist yeast per 

cc. 

Effect of Dry Heat 

A sample of dry extract of rice bran was heated in 

an oven for six days at 95100°. The heated extract was 

then tested for activity in comparison with a sample of 

unheated extract. The results of this test are given in 

Table I. The results show that a large pert of the activity 
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was destroyed by this heat treatment. During the heat±ng 

thö surface of the material was carexnelized and formed e. 

crust. This crust may have protected the material to 

some extent and prevented co!uplete destruction of the 

activity. In any event, there was marked destruction of 

pantothenic acid by prolonged dry heat, just as was found 

to be the case for vitamin G. 

Distribution in Foods 

A series of experiments was run to determine the 

relative amounts of pantothenic acid present in various 

foods. One gram samples of each material were finely 

ground if necessary cnd extracted with 100 cc of water 

for three hours at 1000. Samples of the extract were 

then tested. 

In this experiment an improved medium was used, 

containing the following ingredients in one liter of 

solution: 

Sucrose, 20 g; (PThI,T)250k, g; U2PO14, 2 g; asparagin, 

1.5 g; CeC122H20, 0.25 g; MgS0, 0.25 g; inositol, 

5.0 mg; T1C13, 1.0 mg; CUSOk, 1.0 mg; ZnS01, 1.0 mg; 

MnC12, 1.0 mg; HB03, 1.0 mg; FeC13, 0.5 mg; and KI, 0.1 

ing. Th1s medium contains suitable 8mounts of all of the 

known substances which we have reason to suppose mIght 

have any stimulating effect on yeast growth. 
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The results of this test are given in Teble 2, corn- 

pared with the values for vitamin G as given in Sherman's 

compi1aton. The values for pantothenic acid were com- 

puted by assigning liver an arbitrary velue of 1000 units 

and cel.culating the content of the acid in the other 

foods on this basis. 

The results show e general agreement between the 

values given for vitamin G and those determined for panto- 

thenlc acid. Egg yolk c.nd potato appear to be relatively 

much richer ,n pantothenic acid than in vitamin G, while 

egg white and spinach appear to be somewhat poorer. Hew- 

ever, it will be recognized from the tables that the 

vitamin G content of different samples of a given food 

vary through wide limits. One hundred per cent variations 

are not rare. Likewise in testing different samples of 

foods for their pantothenic ecid content wide varitions 

are noted. In the particular experiment cited, the egg 

yolk appeared to be at least twice e. rich as in two 

previous experiments while the potato appeared to be 

about fifty per cent higher than in other experiments. 

PrecIpitation by Lead Acetate 

In this experiment extracts of egg white, yeast, 

and potato juIce were treated with lead acetate to deter- 

mine of pantothenic acid is precipitated. 



The egg white extract was prepared by extracting 

with O per cent methanol, evaporating the extract to 

dryness, and taking up the residue with water. The solu- 

tion was filtered to remove a gel (ovomucold) that formed, 

and the filtrate divided into two portions, one part being 

reserved for adsorption tests. One cc of the clear filtrate 

was treated with 0.6 cc of a 25 per cent solution of 

neutral lead acetate; the precipitate was filtered off, 

and the excess lead removed with H$. The clear filtrate 

was then tested in comparison with the untreated extract. 

The results are given in Table 3. 

Potato juice was treated with lead acetate in the 

same way as was the egg white extrict. The results of 

this test are also shown in Table 3. 

Yeast extract was prepared and treated according to 

the procedure given by Chick and Roscoe3, a 10 per cent 

solution of basic lead acetate being used in this test. 

Results of severa.l experiments are included in Table 3. 

It is evident that no appreciable amount of the 

activity is removed from egg white extract by the lead 

acetate. This is in accord with the behavior of vitamin 

G observed by Chick and Roscoe. In all of the tests on 

yeast extract a considerable part of the pantothenic acid 

was removed by the lead acetate treatment, but the removal 

was not quantitative, contrasting with the effect of 1ea 
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acetate on vitamin G in yeast extre.ct. However, the test 

used for pantothenic acid iS much more delicate than 

that used for vitarAlin G, and would be sensitive to tiuch 

smaller amounts. 

The varying effect of lead acetate on pantothenic 

acid is undoubtedly due to the differeat reture$ of the 

extracts containing the acid. Precipitation is influenced 

by the hydrogen ion concentration of the extact, the 

sait concentration, and colloidal material contained in 

the extract. Guha7 explains his inability to completely 

precipitate vitamin G from liver concentrate with lead 

acetate by suggesting that any removal of the activity is 

due to adsorption of the vitamin on the colloidal matter 

precipitated. Thus a difference in the constItution of 

the extract would account for the different results 

obtained wIth yeast extract and liver concentrate. The 

same factors would influence the removal of pantothenic 

acid from solution nd the different results obtained 

wIth diffrirent extracte can be accounted for by consider- 

ing that the removal of activity is due to adsorption, or 

occlusion by the precipitated colloidal matericl in the 

extract treated. 

Adsorption Tests 

A 5 cc portion of the egg white prepared in the 

prevIous experiment was acidified with HOi to a pH of 0.9 
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and shaken with 0.5 g of Llcds reagent. The solution 

was then filtered, neutralized an tested. This test is 

recorded in Table k. 

A 5 cc sample of potato juice was acidified and 

shaken with 0.5 g of Lloyds reagent. The s.Dlution was 

filtered, and the filtrate neutralized nd tested in coni- 

parisori iith the untreatsd potato juíce. These results 

are also shown ft Table k. 

These tests do not show any marked absorption of 

pantothenic acid from either the potato juice or the egg 

white extract, and the results do not coinc±de with those 

obtained by workers who have claimed the absorption of 

vitamin G. However, for lack of definite iníormation 2nd 

proper materials the tests on pantothenic acid could not be 

run ft exact accord with the experiments of workers in 

other laboratories. Moreover, the experiments of other 

workers with regard to vitamin G, do not agree among 

themselves (compare Narayanan and Druimuond10, and 3hermen 

and Hallday1) so this discrepancy between results and 

those of workers dealing with vitamin G should not be 

regarded as definite proof of the non-identity of the two 

factors. 



Summary of Results 

This investigation hes 

facts: 

1. Pantothenic acid is 

vitamin G. 

2. There is a general 

distribution of pantothenic 

. Pantothenic ecid is 

brought out the following 

destroyed b dry heat as is 

correspondence between the 

acid arid vitamin G in foods. 

picl1y precipitated from 
yeast extract by lead acetate, but iS not removed from 

egg white extract or potato juice. The failure of a lead 

acetate treatment to remove the activity from eg white 

extract is similar to the results obtained for vitamin G 

in connection with the sorne material. The acid is not 

precipitated quantitatively from yeast extract, differing 

from vitamin G in this respect. This difference may be 

more apparent than real, as the test for pantothenic acid 

i3 much more delicate than is the one used for vitamin G, 

and would show the presence of the acid in material that 

would not respond to the usual test for vitamin G. 

k. Pentothenic acid IS not markedly adsorbed from 

egg white extract or potato juice by Lloyds reagent. 
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General Ccrclusions 

Vitamin G and pantothenic acid resemble each other 

in the following properties: (i) hehavor upon autoclaving, 

(2) destruction by dry heat, (3) extractibility, (k) in- 

activation in acidic alcohol solutions, (5) effect upon 

growth rates, (6) distribution in foods, (7) increased ad- 

sorption in acidic olut1ons, and (8) behavior when electr 

lyzed. 

W5tb regard to adsorption upon Lloyds retnt th 

behavIor of pantothenic acId does not correspond with 

that reported for vitamin G, and tie effects of lead 

acetate treatment upon these two factors are not parallel 

in all cases. Here, however, the dIfference may be due to 

a difference in the compositIon of the extracts used. 

'thether pantothenic acid is actually IdentIcal to 

whet has been called vitamin G must remain an open ques- 

tion until the substances are actually isolated. The 

preponderance of evidence here presented is in favor of 

the hyDothesis that they are identical. 
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TABI$ I 

Treatment With Dry Heat 

Amount tested Yeast crops mg/cc 
1. 2 3 

Blank . . . . . . . . . . 0.052 
Dry rice bran extract . . kmg 2mg 1mg i.k32 0.731 0.k3 
Dry rice bran extract, 

heated kmg 2mg 1mg 0.57k 0.228 0.10 

TABLE II 

Distribution cf Vitamin G and Pantothenic Acid in Foods 

Vitamin G (Sherman) Pantothenic Aôid 

Liver 800-1000 1000 
Yeast 750-1500 (dry) 1700 (dry) 
Egg yolk 230 (900 
Potato 20-30 (190 
Steak 90-110 180 
Milk kO-75 120 
Carrot 50-75 65 
Spinach 100 k5 
Egg white 100 50 
Banana 35 45 
Orange 20-65 Il-5 

Apple 20-25 40 
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TABLE III 

Lead Acette Treatment 

Yeazt crops mg/cc 
1 2 3 

1. Egg white extract (untreated) 0.kO 0.215 0.131 
Egg white extract leed acetate 

treated 0.k7 0.208 0.ikl 

2. Egg white extract (untreated) O.3k8 0.167 0.071 
Egg white extract lead ecetate 

treated 0.311 0.128 0.06k 

1. Potato juice (untreated) 1.705 1.011 0.367 
Potato juice lead acetate treated 1.739 1.123 0.36k 

2. Potato juice (untreated) 1.k96 0.731 0.263 
Potato juice lead acetate treated 1.k59 0.677 0.25 

1. Yeast extract (untreated) 0.kO 0.20 0.09 
Yeast extract lead acetete 

treated 0.i8 0.12 0.07 

2. Yeast extract (untreated) 0.68 0.37 0.25 
Yeast extract lead acetate 

treated 0.535 0.33 0.21 

. Yea&t extract (untreated) 0.763 C.k2k 0.236 
Yeast extract lead acetate 

treated 0.272 0.236 0.162 



16 

TABLE IV 

Absorption by Lloyds Reagent 

Yeast crops nw/cc _i__----- 
i. Egg white extract plus Lloyds O.6i 0.170 0.115 

reagent 
Egg white extract (untreated) 0i12 0.198 1.125 

2. Egg white extract plus Lloyds 0.256 O.Iki 0.076 
reagent 

Egg white extract (untreated) 0.228 0.151 0.076 

3. Potato juice plus Lloyds reagent 0.6811 0.312 0.151 
Potato juice (untre3ted) 0.592 0.380 0.2k8 
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